Since then several researchers performed similar regional applications in order to derive future 1 predictions of ozone and/or aerosols using offline climate-chemistry models ( An open research challenge today is the impact of climate change on air-quality at urban scale. 7 Enhanced health effects due to increasing urbanization (UNFPA, 2007) should be addressed 8 primarily at such scale especially given that the efforts to mitigate air-pollution are more intense 9 in areas where the largest health benefits are observed (Riahi et al., 2011) . The common 10 approach to study the effects of climate change and emissions at city level is to use regional scale 11
CTMs. However the resolution of current model studies remains too coarse to represent the high 12 spatiotemporal variability of pollutants at urban scale. Regional scale emission inventories fail to 13 represent the plethora of emission activities in terms of e.g. the underlying technologies used 14 within a specific source sector or to take into account the habitual patterns of the population at The Ile-de-France region (IdF) is located at 1.25-3.58° east and 47.89-49.45° north with a 1 population of approximately 11.7 million, more than two million of which live in the city of 2 Paris (Fig. 1) . The area is situated away from the coast and is characterized by uniform and low 3 topography, not exceeding 200 m above sea level. 4 An "off-line" modeling approach is used to assess air-quality in the study region as a response to 5 climate and emission changes. For both climate and air-quality simulations we use a dynamical 6 downscaling approach consisting of two one-way nesting steps: from global to regional scale 7 over Europe and from regional to local scale over the IdF region. IPSL-CM5A-MR global 8 circulation model (Dufresne et al., 2013 ) is used to derive future projections of the main climate 9 drivers (temperature, solar radiation etc.) using a set of available global greenhouse gas emission 10 scenarios (RCP-2.6 and RCP-8.5). 11
Global climate output is downscaled with the Weather Research and Forecasting (WRF) 12 mesoscale climate model (Skamarock and Klemp, 2008) at two steps: first over a 50km 13 resolution grid over Europe and then on a 10 km resolution grid over France using one-way 14 nesting. We drive the CTM over IdF using the 10km meteorology acknowledging both the 15 computation overhead of a refined meteorology and the results of previous work over the same Layer scheme (Pleim, 2007) and Kain-Fritsch cumulus parameterization scheme (Kain, 2004) . 19 20
Data and metrics for model evaluation 21
CHIMERE model evaluation has been performed in numerous studies at both regional (see e.g. We decided to derive scaling ratios based on national totals and not from the GEA 0.5º resolution 10 grid to avoid adopting the relatively simplistic approaches of the GEA downscaling algorithm for 11 the distribution of emissions at the finer scale. Thus, our approach benefits from the highly 12 resolved emission variability over Paris from the AIRPARIF inventory but it must be noted that 
Meteorology 26
It is beyond the purpose of this study to provide an in-depth meteorology evaluation, however to 27 build confidence in the meteorological fields used as input for our air-quality simulations we 28 present a short model evaluation based on the CTL run. 29 WRF meteorology for the CTL simulation ran over a 10 km resolution grid. Model results are 30 compared to surface observations from 7 meteorological stations found inside the IdF region.1 different variables relevant to air quality: 2m temperature, wind speed at 10m, relative humidity 2 and total precipitation (Table 3) . A warm bias during summer reaches +0. Overestimation of mean daytime ozone is observed in all suburban and rural stations (+10.9% 6 and +11.3% respectively) even though Ox is in relatively good agreement with measurements. 7
This points to an underestimation of NO2 and titration is represented less faithfully. Ozone 8 overestimation is due to some extent to the boundary conditions. This is supported by the fact 9 that both upwind and downwind rural stations show the same level of overestimation portraying 10 a spatially symmetric influence of boundary conditions (not shown). In the urban areas the strong 11 titration probably depletes the excess of ozone from the boundaries pointing to a possible 12 exaggeration of urban titration in the model. MNB and MNGE scores for suburban and rural 13 sites ( The internal natural variability of temperature can be very large at regional scale (Deser et al., 2 2012), which stresses the need for longer simulation periods over which the inter-annual 3 variability would be smoothed. Lower temperatures are expected to inhibit ozone formation 4 while the drop of shortwave downward radiation by 16.6% relative to present will lead to less 5
BVOCs in the rural areas. We observe a significant increase in total precipitation compared to 6 the control simulation by a factor of 3.2 under the MIT pathway where, similarly to temperature, 7 two particularly wet years (2050 and 2051) are simulated. Modeled precipitation is high only on 8 a limited amount of days within those two years (standard deviation=0.73 around a decade 9 average of 0.32). In the regional simulation from which boundaries were utilized to force the 10 local runs, climate is also shown significantly wetter under MIT by a factor of 3.6. 11 In this experiment we perform a model sensitivity analysis in which anthropogenic NOx and 17
NMVOCs emissions let vary from a factor of one fourth up to two times their actual value with a 18 step of 0.25 (all combinations of 8 different scenarios for both NOx and NMVOCs). In total 64 19 simulations were performed for a typical summertime ozone episode. Emission changes were 20 applied over the whole 3-dimensional domain. We conducted the same experiment twice: once 21 using as initial local-scale emission inventory developed by AIRPARIF (LOC case) and once 22 using the regional scale inventory (REG case). In order to isolate the effect of emissions only and 23 exclude the potential impact of other resolution-related effects the sensitivity analysis for the 24 REG realization was not performed in the native REG domain; instead we first downscaled the 25 regional emission inventory on the 4km grid and then ran the regional scale simulation. 26 Obviously, emission totals between the two simulations do not match and no direct comparison 27 should be made based on these results. However, it is interesting to see how different emission 28 starting points may lead to ozone production under different photochemical regimes and 29 therefore to different future ozone projections. We note that present time NOx/NMVOCs 30 emission ratios within the ozone period over Paris are much higher in the LOC inventory than inthe REG dataset (0.5 vs. 0.2). This ratio is a key factor for the modeling of ozone production. We 1 chose to run the sensitivity analysis over a one-day, present time, summer ozone episode that 2 emission fluxes and meteorological conditions favoring the photochemical ozone built-up are 3 similar in most ozone events. We also note that while boundary conditions may impact local 4 scale model predictions, we focus here on the impact of local emissions through the use of a 5 common set of boundary conditions, to ensure that the differences arise from the sensitivity to 6 local emissions. (Fig. 4c ) compared to REF (Fig. 4b) . On the other hand chemistry 28 in the REG simulation is driven by a NOx-sensitive regime. The titration process is much less 29 pronounced compared to the LOC run. As a result ozone decreases in response to the significant levels modeled at the local scale are much lower than those modeled at the regional scale by 5 almost 50 ppb (~54 ppb vs. ~100 ppb). This is due to the higher NOx emission ratios prescribed 6 by the local scale inventory (LOC) compared to the regional inventory (REG). As far as the in-7 plume chemistry is concerned the difference between the two simulations is less pronounced 8 (~20 ppb). This is consistent with the fact that the reductions in rural ozone modelled at regional 9 scale (REF: -3.2 ppb and MIT: -13.5 ppb) and in our study for the two future projections relative 10 to present time levels are similar. Photochemical ozone built-up occurs at longer time and space 11 scale compared to titration and therefore the increase in the resolution of the emissions brought 12 about at the local scale does not provide much new information to the modeling of rural ozone. 13 This sensitivity analysis shows that the integration of high-resolution emission projections in the 14 modeling of ozone is critical. Clearly the regional and local simulation will respond differently to 15 emission changes in the future but unfortunately it is not possible to assess quantitatively the 16 impact of this change since besides the spatial gradients in emissions, projections also differ 17 between the LOC and REG simulations. The conclusion that can be drawn though from this 18 sensitivity analysis is that the simulation forced by the regional scale emissions fails to 
Ozone health indicators

21
Here, we study how different ozone health indicators change under the two future scenarios 22 (Table 5) . We focus on three indexes: i) the sum of the differences between maximum daily [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] hour running means and the 35 ppb threshold value (SOMO35); ii) the number of days where 24 maximum daily 8-hour running mean ozone concentration exceeds the 60 ppb threshold (Nd120) 25 and iii) the mean of the ten highest daily max concentrations during the ozone period (MTDM). 26
These metrics are typically used in health impact assessment studies and account for the non- Table 5 , following the subsiding of ozone levels in the future (Fig. 4) . 13 Model evaluation showed a very good agreement between model and measurements for ozone 7
and an underestimation of wintertime PM2.5 by 20% over the urban area, which is mainly 8 attributed to a large wet bias in wintertime precipitation (+26.5%). The comparison between 9 modeled and measured Ox showed that the model at 4 km resolution accurately resolves O3 10 titration by NO over the highly urbanized city of Paris. The decade average bias within the ozone 11 period for Ox (O3+NO2) and ozone is found to be less that 0.3 ppb. 12
Under the reference scenario ozone increases over the city of Paris by +7 ppb relative to present 13 time values and only a small decrease is modelled under the mitigation scenario (-3.5 ppb). 
